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Abstract 
This paper presents a thorough analysis of different configurations of reflectarray resonant elements that can be 
used for the design of passive and tunable reconfigurable reflectarrays in the X-band frequency range. Reflection 
loss and bandwidth performance of these reflectarray elements have been highlighted based on Finite Element 
Method (FEM) and Finite Integral Method (FIM) techniques and the results have been verified by the waveguide 
scattering parameter measurements. The results demonstrate a reduction of 11% in the phase errors offering an 
increased static linear phase range of 353" which shows a feasibility of improving bandwidth performance of 
reflectarray antenna. Moreover a maximum dynamic phase range of 320" and a volume reduction of up to 
22.15% have also been demonstrated for reflectarray elements with circular slots at 10GHz. 
Iceywords: Bandwidth, Phase errors, Reconfigurable reflectarrays, Reflection loss. 
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1. INTRODUCTION 
Traditionally high gain applications have relied 
upon parabolic reflectors and phased arrays [I]. 
However, the curvature of parabolic reflector makes it 
difficult to be manufactured in many cases, in 
particular at higher microwave frequencies [2]. The 
shape of the parabolic reflector also causes an 
increased weight and size of the antenna. Moreover it 
has also been demonstrated in [3] that wide-angle 
electronic beain scanning cannot be achieved using a 
parabolic reflector. The high gain phased array 
antennas can achieve wide-angle beain scanning 
electronically, compared to the conventional parabolic 
reflector, provided it is equipped with controllable 
phase shifters. However in order to tackle the problem 
of power inefficiency that occurs in the high loss 
beamfonner and phase shifters, the amplifier modules 
have to be integrated with the array antennas. These 
amplifier modules are usually high cost and make the 
array antennas a veiy expensive solution for high gain 
applications. Therefore in order to eliminate these 
problems, a flat and low cost microstrip array antenna 
known as reflectarray, has been acknowledged as a 
potential alternative to these traditionally used high 
gain antennas. Reflectarray in its basic fonn is a 
combination of a flat reflector and an array of 
microstrip patches illuminated by a primary feed horn 
where it is capable of achieving a wide-angle 
electronic beam scanning. Direct Broadcast Satellites 
(DBS) and Multi Beam Antennas (MBA) are also 
considered as potential applications of reflectarrays. 
Moreover it can also be extended as an amplifying 
array by including amplifiers in individual phased 
microstrip patch elements [4]. 
Despite of a number of advantages of reflectarray, 
the factors that limit its use in some applications are 
the bandwidth and the loss performance. Many 
researchers have been working on various possible 
techniques to increase the bandwidth performance in 
which up to 15% bandwidth has been reported in [3]. 
This study presents a thorough investigation on the 
design and analysis of reflection loss and bandwidth 
performance of tunable reflectarrays fabricated on 
Rogers RTIduroid 5880 laminate (~,=2.2, 
tan6=0.0010). 
2. SOURCES OF LOSSES IN A REFLECTARRAY 
The reflection loss of a reflectarray is primarily 
limited by the strong electric fields in the dielectric 
region and high currents on the top surface of the 
conducting elements. It has been denionstrated in [5] 
that the reflection loss of a unit cell of a reflectarray 
can be precisely approximated by: 
R, =a, +a, (1) 
Where, Rl is the reflection loss, ad and a, represent 
the attenuation factor due to dielectric and conductor 
losses. The relation given in (1) has been validated by 
separately demonstrating the two types of losses and 
the overall loss associated with reflectarray antenna as 
shown in Fig. 1. 
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Fig. 1. Separate and coinbitled loss for reflectarray designed 
with Rogers RTIduroid 5880 
In this work Rogers RTIduroid 5880 with substrate 
thickness of 0.5081nin has been used to design an 
infinite reflectarray at 10GHz. It can be observed from 
Fig. 1 that at the resonant frequency, the reflectarray 
shows a combined loss of 1.16dB which is the sum of 
dielectric and conductor losses. Moreover the 
dielectric loss is significantly higher than the 
conductor loss because of the fact that a thin substrate 
of 0.5081nm has been used in this work which causes 
multiple bounces in the dielectric region and causes 
loss of energy in the substrate layer. On the other hand 
the conductor loss can not be avoided completely 
because of the high currents that are flowing on top 
surface of the conductor which has limited 
conductivity. 
Measurements of the scattering parameters for 
infinite reflectarrays fabricated using Rogers 
RTIduroid 5880 have recently been demonstrated in 
[6] for operation in X-band frequency range. 
Waveguide simulator technique has been used to 
represent a two patch element unit cell with an infinite 
reflectarray. In this work circular slots embedded in 
the centre of patch with a radius varying from linin to 
31nm have been employed for the investigation of 
tunable reflectarray antenna design in the X-band 
frequency range. A significant change in the resonant 
frequency from 10GHz to 8.5GHz has been observed 
as the element is varied from without slot to a slot 
having a radius of 3.0im. The change in resonant 
frequency with variable radius of slots is due to the 
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change in electrical dimensions which modifies 
surface current distribution on the patch element of a 
reflectarray. 
Measured and simulated reflection phase for 
different radius of circular slots in the centre of patch 
and a patch without slot are shown in Fig. 2. It can be 
observed from Fig. 2 that as the unit cell was varied 
from patch element without slot to a circular slot of 
3.0mm radius, the slope of the reflection phase curve 
increases from 0.24"IMHz to 1.04"/MHz. This is due 
to the fact that the reflection loss increases with 
increasing radius of the circular slot and hence causes 
a reduction in the bandwidth performance. 
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Fig. 2 Simulated and measured reflection phase for circular 
slots in the centre of patch element 
Table 1. Dynamic phase range (DPR) and volume reduction 
for circular slots. 
I DPR I volume I 
(Degrees) Reduction Slot Radius 
Dynamic phase range can be used to provide a 
measure of the tunability of reflectarray antennas. 
Table 1 shows measured and simulated dynamic phase 
range for different radius of circular slots in the centre 
of patch element. It can be observed from Table 1 that 
a maximum measured dynamic phase range of 320" 
and a maximum volume reduction of 22.15 % for 10 
GHz is shown by a circular slot of 3.0inm radius. 
However as depicted in Fig. 2, circular slot with radius 
of 3.0mm is shown to give a maximum reflection loss 
and minimum bandwidth as compared to other slots. 
Therefore the results validate the trade-off between the 
phase errors and bandwidth performance of 
reflect array antennas. 
The dynamic phase range demonstrated in this 
section for different types of slot configuration in the 
patch elements can be used for phase tunability of 
reflectarrays and beam fonning reflectarray antennas. 
In order to coinpare the results of the reflection phase 
plots produced in this work, static linear phase range 
(AD,) as shown in Fig. 3 has been used. It was 
observed that the previous studies [7] and [8] which 
proposed the slots in the ground plane demonstrated a 
simulated static linear phase range of 180" and 210" 
respectively for single layer structures. 
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Fig. 3 Measured phase shift versus slot size curve for 
circular slot configurations 
The results depicted in Fig. 3 demonstrates that an 
increased measured static linear phase range of 225" is 
achieved using slots of variable width and circular 
slots in the patch element respectively. Therefore due 
to the increased attainable static linear phase range, the 
contribution of phase errors in the reduction of 
bandwidth of a reflectarray can be minimized by using 
the proposed slot configurations. 
4. CONCLUSION 
The investigation showed that the slots embedded in 
the patch element can be effectively utilized for the 
design of passive and tunable reflectarrays with low 
loss and high bandwidth performance. From the 
measurements of the slot configurations in the patch 
element, it can be concluded that different type of slot 
configurations can be employed for the miniaturization 
of the reflectarrays as a wide range of resonant 
frequencies can be achieved without varying the size 
of the patch element. Moreover the reduction in the 
phase errors produced by the limited phase range and 
the possibility of designing a reflectarray with a 
22.15% reduced volume of patch is also shown when a 
slot of 3mm radius was introduced in the patch 
element. In future, the dynamic phase demonstrated in 
this work can be utilized do design electronically 
controllable reflectarrays with progressive phase 
distribution. 
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